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Abstract
It is difficult to make judgment on the status effects of cannabis toxicity on neuropsychological performance.  Neuropsychological
performance is a broad terminology, thus, careful classification of the neuropsychological domains must be undertaken.
Possibility of some weaknesses in age and sex distribution is postulated, as well as less sensitivity in statistical analysis for sex
data.  Three main points are forwarded.  First, several important domains from broad spectrum of neuropsychology are depicted.
Second, positive and negative effects of cannabis are classified clearly. Third, the weaknesses of sample characteristic (i.e, age and
sex distribution) are scrutinized. 
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1. Introduction
Cannabis, scientifically known as Cannabis sativa, is constituted primarily by d-9-tetrahydrocannabinol (THC). 
Based on THC concentration, cannabis can be classified into three forms such as marijuana, hashish and hash oil. 
The concentration of THC in marijuana usually ranges from 0.5 to 5%.  A Little bit higher of THC concentration can
be observed in hashish, which is from 2% to 8%.  In hash oil, the THC concentration is very high, which is about
to assist burning. Hashish
frequently smoked in a pipe, but sometimes is added to tobacco and smoked as a joint too.  On the other hand, hash
oil can be applied like marijuana and hashish by adding into the joint or pipe, though, some users heat the oil and
inhale its vapor [1] [2].
From the year 2001 comprehensive report of National Drug and Alcohol Research Centre University of New 
South Wales [2], sex pattern of cannabis use indicated similarity among countries (for example, Australia, United 
State of America, Canada) in which males are more likely to have used cannabis than women at all ages.  In
Australia, young adults indicated highest rates of cannabis use, mainly among 14 to 19 years old (45%) and 20 to 24
years old (64%) group. In United State of America, lifetime use of cannabis is indicated as 11% among those aged 
12 to 17 years, meanwhile among those aged 26 to 34 years, the rate increased to 59%.  However in the group of 35
years and over, the rate declined to 25%. 
Some studies that look into the effects of regular use of cannabis are not conclusive.  For instance, dose-related
cognitive decrement might be reported by many studies e.g. [3], but the available data is unclear enough to explain
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the neural substrates of this cognitive decrement. However, some evidences provide a direction toward 
comprehensive knowledge on the degree of cannabis or marijuana that impairs human cognition, especially on 
executive function and inhibitory motor control [4].  Research findings in this issue sometimes are conflicting.  
Looking at past few years report, the different subjective effects between whole plant marijuana and its primary 
-tetrahydrocannabinol-THC), was debated [5].  Meanwhile, in many cases, methodological 
issues are being debated too, in which the effect of marijuana and cannabis should not be observed independently as 
they could be confounded by other drug factors (see [6]).  Therefore, awareness on confounding drug becomes 
increased among researchers, as some researchers become realized on the negative effect of different drugs (for 
example, the contribution effects` of cocaine on marijuana) on cognitive performance [7].  The previous research 
questions may come from the suggestion that cannabinoids (the active ingredients in cannabis) tend to react either as 
neuroprotective or neurotoxicity in the case when ecstasy and cannabis are being consumed at the same time [8].  
Beside ecstasy and cocaine, the confounding effect of other drugs on cannabis toxicity was also observed among 
those who were taking methamphetamine at the same time [9].  Over use of alcohol also could be a confounding 
factor when determining the negative effect of cannabis especially in adolescence [10]. 
In term of long period effect of cannabis use, the cumulative data of human cognition has not yet received a 
comprehensive and exhaustive evaluation e.g. [11].  By using Functional MRI (fMRI) technique, researchers 
 (i.e. working 
memory and attention).  The rationale of the study is relied on the scarcity of the evident surrounding the long term 
effect of cannabis among moderate users, as opposed to excessive users [12][13].  Some researchers seek the 
unexplained circumstance of the long-term cannabis consequence from the specific population, which is among those 
who are seeking treatment for cannabis dependence [14].  When looking backwards in cognitive and brain research, 
neuroimaging procedure was implemented, to look into the inhibitory processing of the marijuana smokers, in which 
the higher order of cognition was explored. This guides the current knowledge to postulate the hypothesis such as the 
role of frontal systems in decision making substrate and its relation to executive dysfunctions and any changes of the 
brain structure [15].  Recently, more apparent evidence pointed toward the alteration of neurophysiological 
functioning particularly in the area of conflict monitoring and resolution processes among those who are actively 
taking cannabis [16].  Evident also is sought from hippocampal activity (as determined through the associative 
memory task) especially to explain the consequence of cannabis use at non-acute level [17].  Moreover, adding to the 
above, brain activity from the cognition process (such as spatial working memory) in heavy cannabis users, is 
explained through the finding from functional magnetic resonance imaging.  This explanation may facilitate towards 
reducing any gap knowledge between neuropsychological assessment and functional magnetic resonance imaging 
study [18].     
Neuropsychology effect of cannabis is a broad spectrum area.  Information processing, which is a specific 
cognitive process at very early stage in human cognition, is another dimension that elucidates the cognitive 
challenging in cannabis addictive behavior [19].  Another cognitive specific domain (e.g. decision making) has been 
focused in order to gain more comprehensive understanding of the issue [20].  More understanding of the negative 
effect of cannabis on cognitive performance could be expanded by looking the effect on the regional cerebral blood 
flow as well [21].  Again, critically, some methodological issues need to be considered, such as the classification of 
-
portray the real situation of the cannabis effect (see review [22][23]).  In addition, there are numbers of studies 
concerning the differences between residual and non-residual effects to depict a clear picture of the 
neuropsychological deficit among this marijuana user e.g. [24]. 
In order to summarize the above discussion, the main contributions of this paper are as below: 
 
1. To subtract a revision of the most specific domains of broad spectrum of neuropsychological findings in 
cannabis research which are most affected by cannabis toxicity     
2. To propose a classification between negative and positive effect (no effect) findings related to cannabis 
justification on the neuropsychological status of cannabis effects on users. 
3. To scrutinize some weaknesses in sample characteristic concerning age and sex distribution, as well as 
looking at any critical statistical analyzing of sex data. 
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2.0  Neuropsychological Status in Cannabis Users: A Negative Effect  
From the papers that were reviewed, we are able to classify and categorize the broad range of neuropsychology 
findings in cannabis research into about five themes.  These are memory dysfunction, executive function and 
inhibitory processing, learning disability, decision making process and attentional disability. 
2.1. Memory Dysfunction 
From this review, human memory dysfunction is most reported in literature.  Specifically, episodic memory was 
found problematic among marijuana users.  In Hermann [25], frequent marijuana users (defined as using marijuana 
more than seven times weekly on average and had been using at about this rate for the last more than two years) 
indicated most differences in brain activity related to episodic memory encoding, compared to non-smoker group.  
Among this marijuana users, memory impairment was not restricted in episodic memory encoding only but their 
short term memory as well [25] [25].  
Working memory was also affected as indicated by the alteration in brain activity in the left superior parietal cortex 
[12].  From the functional magnetic resonance imaging study, cannabis toxicity (users had smoked cannabis at least 
5000 times and were currently smoking at least seven times per week at the time of entry into the study) did affect the 
area of prefrontal cortex and anterior cingulated of the brain, which is reported to be involved in spatial working 
memory [18].  Even though there is uncertainty on the contribution of ecstasy on the negative effect of cannabis (as 
those who are taking cannabis usually taking ecstasy at the same time), regardless of this effects, research finding 
consistently indicated the worse consequence of cannabis (whether they are taking cannabis and ecstasy at the same 
time, or just taking cannabis only) on their memory function [6].  Memory impairment among cannabis users was 
also proven through prospective measurement among those who had smoked cannabis at least 5000 times in their 
lives and who were smoking daily at study entry (referred to as current heavy users), as compared to control subjects 
who had smoked no more than 50 times in their lives.  When these participants were asked to recall the list of words 
at days 0, 1, and 7 after the enrollment of the study, it was found that current heavy users scored significantly lower 
[13].  In Benton Visual Retention Test that was implemented among 13 male nontreatment-seeking recreational 
cannabis users to manifest some neuropsychological disability in an area of visual perception, visual memory and 
visuo-constructive abilities, result indicated the differences between these two groups (cannabis versus non-cannabis, 
particularly for the correct and wrong answer of the test [26].  The Tempoleistung and Merkfahigkeit Erwachsener 
(TME), the scale that typically used to cater the cognitive process especially in remembering word and other 
abstractions involving language (for example, verbal memory), was also tested to this group of male who are 
categorized as nontreatment-seeking recreational cannabis users.  The result was negative which is consistent with 
others [26].  Doubtfulness upon the marijuana toxicity in producing an effect in dose-related fashion, become clearer, 
as finding pointed out the decreased in memory task performance when joints smoked per week increased [27].  
Buschke's Test that was implemented on the group of heavy marijuana users (defined by use seven or more times 
weekly) indicated difficulty in memory retrieval processes [28].  Even though there was a limitation in making 
judgment on the negative effect of cannabis in older people memory (for example, short term memory) that might be 
due to aging process, data still provide some direction on the toxicity effect of this cannabis on human cognition [11].  
When looking into more specific area of memory and cognition by using selective and divided attention tasks to 
manifest the working memory process, the toxicity from cannabis, indeed, affected the process [11]. 
Findings that based on drug combination effects, confounding factor and duration of exposure provide more 
evidence to explain the negative effects of cannabis toxicity on memory function.  In many cases, adolescent usually 
use cannabis and ecstasy at the same time.  Thus, the exclusive effect of cannabis is little controversial and this bring 
erformance in verbal and visuo-spatial working memory 
among these groups when comparison was made with non-drug user group [8].  Another study examines the 
confounding effect of the habit of drinking alcohol on cannabis use.  When comparison was made between a group of 
teens who had alcohol drinking habit with limited exposure to drugs (Group A), and a group of teens who also had 
alcohol drinking habit but were taking marijuana at the same time (Group B), result indicated that Group B showed 
less inferior frontal and temporal activation (however, more medial frontal response) as compared to Group A. This 
finding consistently manifests some deficit in memory functioning especially spatial working memory [10].  
Uncertainty surrounding the differences of the negative consequence between long-term user (mean 23.9 years of 
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use) and short term user (mean 10.2 years of use) on memory performance become clearer, as it was showed that 
long-term cannabis users achieved significantly less well in memory task measurement, than shorter-term users of 
cannabis [14].  This fact is proven consistently. When Rey Auditory Verbal Learning Test was implemented among 
these long term and short term users of cannabis, the task indicated that long-term user recalled significantly fewer 
words than either shorter-term user, exhibiting the long term effect of cannabis on memory functioning [14].  Another 
evident comes from Messinis et al. [30], even though the differences between long term and short term users of 
cannabis were not clear, both groups exhibited higher proportion of deficits in verbal memory performance, 
undoubtly. 
2.2. Executive Functioning and Inhibitory Processing 
Second neuropsychological domain that most reported in literature is the impairment in executive functioning and 
inhibitory control.  This cognitive ability that related to goal-directed behavior, adaptation to changing situation, 
forming concepts and think abstractly, is challenging in cannabis users.  When Wisconsin Card Sorting Test was 
tested among non-treatment-seeking recreational cannabis users, result manifested negative reflection of executive 
function and ability in learning concepts [26]. In Stacie et al. [15] , inhibitory control was determined by applying 
fMRI and diffusion tensor imaging (DTI) techniques (while heavy cannabis smokers and matched non-smoker 
control subject performing a modification of the Classic Stroop Task).  It was found that marijuana smokers exhibited 
more disperse of bilateral pattern of dorsolateral prefrontal cortex (DLPFC) activation, relative to control group who 
exhibited increased activity within the right dorsolateral prefrontal cortex (DLPFC) during the interference condition.  
In Stroop Task conflict resolution measure on cannabis 
cannabis at least four days per for a minimum of three years), increased errors on colour-incongruent trials was 
detected [16].  Several tests that were distributed among cannabis users such as the Tower of London task, in order to 
measure the inhibitory motor control, also exhibited impaired performance mainly in the domain of critical tracking 
task [4].  The toxicity of D9- fied 
when the Stop signal task (to indicate motor impulsivity) showed increased in stop reaction time and the proportions 
of commission and omission errors [4].  
2.3. Attentional Dysfunction 
In this review, attentional domain in human cognition raises as third component from the broad-based 
neuropsychological deficit in cannabis cognitive-related research that most reported.  Hermann et al. [26] used Trail 
Making Test to cater the attentional domain among male cannabis users (mean age, 22 years old) and the result that 
was obtained, marked the negative influenced of cannabinoids toxicity.  Likewise, the D2 test, mainly to cater the 
selective attention and mental concentration, was in line with Trail Making Test.  In Event Related Potential Study 
(ERP), high dose of THC caused some change (decreased) of the amplitude of the ERP component, which reflecting 
the impairment in attentional and perceptual processing among cannabis users [31].  In specific, Event Related 
Potential component such as P300 which reflects the attentional and perceptional in cognition processes entailing 
stimulus evaluation or categorization, indicated decreased in amplitude after THC exposure [31].   
Next, research results are narrowed down by looking at the onset of using (early versus late), doses (heavy versus 
light) and again and duration of using (long term versus short term).  Onset of using cannabis could be very important 
information while explaining attentional domain of cognition.  When comparison was made between early-onset 
users (onset before age 16) and late-onset users (onset after age 16), it was observed that early-onset group showed a 
signifcant impairment in reaction times (in computer-assisted attention-related task), compared to late-onset group 
[32] which reflecting deficit in attentional domain.  Wisconsin Card Sorting test, which able to explain attention-
related process indicated greater perseverations among heavy users (i.e. those who had smoked at least 27 days in the 
last 30 days), than light users (i.e. those who had smoked no more than 3 days in the last 30 days), when the inclusion 
criteria was restricted among those who had smoked marijuana for at least 2 years only [24].  In term of duration of 
using cannabis, long term users (mean 24 years of use) of cannabis never fail to indicate that they performed less well 
in cognition task related to attention, contrast to short-term users (mean 10 years of use) [33]. 
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2.4. Decision Making Process 
Decision making domain seems to be another dominant area in neuropsychology debate in cannabis issue.  There 
was some evidence indicated the link between increased marijuana doses and performance in Iowa Gambling Task (a 
decision-making task), as well as some changes in brain activity [3].  In this study, greater activation in the left 
cerebellum and less activation in the right lateral orbitofrontal cortex (OFC) and the right dorsolateral prefrontal 
cortex (DLPFC) was observed in marijuana group, however it was not observed among participants in the control 
group [3].  In another study, combination use of drug (i.e. marijuana and cocaine) predicted scores obtained in Iowa 
Gambling Task which means that, the heavier or the more the drug is used, the lower the performance in decision 
making task [7].   
When looking in more detail at any specific parameters such as cannabis dosage (heavy versus light), the effect is 
no doubt.  When comparison were made between moderate marijuana smoker (defined as smoking 8-35 joints per 
week) and heavy marijuana user (defined as smoking 53-84 joints per week) on decision making task (i.e. Iowa 
Gambling Task), heavy users performed less well in the task than moderate users [3].  Again, the dosage effect 
between moderate and heavy use of cannabis is apparent.  This fact further evident when heavy user group exhibited 
less activation in the left medial OFC and greater activation in the left cerebellum, than the moderate user group [3].  
2.5. Learning Disability 
Learning ability might be another specific domain that being considered by neuropsychologist.  When looking at 
specific task in learning ability such as learning a word list to criterion over multiple trials, marijuana users required 
means of 2.7 more presentations during initial learning and 3.1 more presentations during subsequent relearning, 
however, this is not the case in non-marijuana users [25].  Regardless of debating surrounding the contribution of 
ecstasy on the negative effect of cannabis in learning process, it was 
among cannabis users become apparent, not only at short term but at long-term as well (more than 20 years of use) 
[33].  Learning disability was consistently proven, especially among heavy marijuana use (defined by use seven or 
more times weekly) when their mathematical skills and verbal expression in the Iowa Tests of Educational 
Development were not well performed [28].   
Again, the review work was focused at the specifics parameters that able to explain in more detail on the negative 
effect of cannabis, perhaps from comparison between various dosage groups, duration of exposure, confounding 
section, we proceed the aim to observe specifically the effect of confounding drug on cannabis and its effect on 
learning-related cognition process.  In Fisk et al [34], even though the result obtained here was inconclusive, it 
provided some basic knowledge that cannabis might have similar (or almost similar) toxicity with ecstasy as both 
groups (whether using ecstasy alone or using both ecstasy and cannabis at the same time) exhibited worse 
performance in associative learning measure, compared to non-ecstasy users [34].  In another comparison to examine 
the different effects between subjects who had a history of methamphetamine dependence with history of marijuana 
abuse/dependence (Group A), and among those who are methamphetamine dependent without history of marijuana 
abuse/dependence (Group B), there is some evident showed that Group A performed intermediate in learning ability, 
compared to Group B and control group who had minimal use of drug or no use of drug at all [34]. 
3. Neuropsychological Status in Cannabis User: A Cautious Remark 
In this section, findings that do not support the negative effect of cannabis toxicity on human neuropsychological 
status are highlighted.  These facts hopefully could provide some direction to the readers in their justification (with 
neuropsychological sta
toxicity on human neuropsychological status?  
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3.1. Memory Functioning 
First, when looking at memory domain, it was exhibited that cannabis users and controls performed equally well 
while memory task was carried out (i.e. working memory task and the selective attention task) [12].  In addition, 
based on the finding that those who use ecstasy and cannabis (at the same time) did not show any difference with 
those who use ecstasy only in term of memory functioning (especially in the area of verbal and visuo-spatial working 
memory span), provide some explanation that the effect of cannabis toxicity should be cautious as it can be 
confounded by other drug use like ecstacy [8].  
Besides the non-  meaning that positive and negative 
 
One of the finding that fall into this category can be observed in Jager et al [17].  In this study, although both 
groups (i.e. cannabis users and non-cannabis users) indicated normal performance in associative memory task, 
however, there was some indication that activation was lower in brain regions involving associative learning, 
particularly in the (para) hippocampal regions and the right dorsolateral prefrontal cortex among cannabis users, as 
compared to non-cannabis users.   Another finding from memory domain that seems to be in this category is from 
Pope et al. [22].  Based on this study finding, it was proven that short-term memory was influenced by cannabis 
used). However, this finding was not strong enough to explain the persistence of the drug residue even after it has left 
the body.  
3.2. Decision Making Process 
Second, in decision making area, when cognitive-related decision making task (i.e. Cambridge 
neuropsychological) was employed, both groups (i.e. marijuana and control group) did not show any differences 
especially in response latencies on the simple or five stage reaction time tasks [20].  In addition, marijuana users did 
not exhibit more errors on the pattern recognition (from the decision making task), which was almost similar to 
control group [20].  There was evident indicated some trend towards an increase in the total number of errors on the 
set shifting task (from the decision making task) while performed by the marijuana users as compared to the controls, 
however, this trend was not significant [20].  In addition, Bolla et al. [3] also claim that marijuana users (referring to 
moderate cases, approximately using 8 35 joints per week of marijuana) did not differ in their performance on 
decision making-related task (i.e. Iowa Gambling Task) when compared to control group. 
3.3. Attentional Dysfunction 
Third, the negative effect of cannabis toxicity on the attentional domain should also be careful stated as there was 
no significant sign of the dose effects of -
proven when the visual selective attention task and most of the ERP components related specifically to selective 
attention failed to -tetrahydrocannabinol [31].  Another cautious evident 
should be paid to , by which, reaction time (as indicated from the auditory attention task) also failed to 
raise any significant differences when comparison was made between pre-marijuana smoking and post-marijuana 
smoking.  In the same study, it is reported that the link between reaction time of the auditory attention task and delta-
9- -marijuana smoking phase, was not observed [35].  In 
addition, no evident can be forwarded in term of duration of cannabis use as no attentional dysfunction was exhibited 
among long term users, when compared with short-term user [36].  Attentional domain, in some circumstances, is 
conflicting.  For example, although the residual effect (immediate effect after cannabis use) was proven, however, 
this residual effect was debated as the finding obtained did not able to explain the prolong effect of residual in human 
body and cognition [22].  Issue surrounding the permanent and prolong effects of cannabis in human cognition 
especially related to attentional dysfunction is also debated in other study [37].     
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3.4. Learning Disability 
In this learning ability domain (looking into the specific comparison-approached methodology), cautiousness is 
significant.  This standing was proven when respondents who use ecstasy and cannabis at the same time did not differ 
from those who use ecstasy only in term of learning process involving reasoning and associative learning. This fact 
explains that the effect of cannabis toxicity must be interpreted carefully as other drug (such as ecstasy) might 
confound the research finding [8].  Perhaps the superior performance from the intermediate use of marijuana in 
an 
individual's learning ability particularly related to abstract concepts of thinking [28].  Learning ability, in some study 
effect of cannabis toxicity on learning capacity is likely not crucial as only less than one-third of studies that have 
been reviewed made a negative remark on this matter [38].     
3.5. Executive Functioning and Inhibitory Processing  
An area of executive function and inhibitory control also raise some uncertainty concerning the positive and 
negative effect of cannabis Gonzalez et al. 
[38], they reported that only less than one-third of studies from their review made conclusion on the detrimental 
effect of cannabis on executive function [38]. Another consideration that should be paid is from one study that used 
neuroimaging technique to observe or determine the positive and negative consequence of marijuana smoking during 
inhibitory processing. Even though marijuana smokers and control group performed the given task within the normal 
limit, but, some sign of lower anterior cingulate activity in focal areas of the anterior cingulated cortex and higher 
midcingulate activity as observed in marijuana group (relative to control group) should not be neglected and put aside  
[15].  In addition, result such as making more errors of commission during the interference condition of the task, as 
showed by marijuana smokers (compared to control group), should not be neglected too even when both groups were 
classified to be in normal range of executive function [15].  Perhaps this little difference, in which, more diffuse and 
bilateral pattern of the dorsolateral prefrontal cortex activation among marijuana smokers, and more increased 
activity within the right dorsolateral prefrontal cortex during the interference condition among control group, should 
be considered carefully [15].  In one case, similar task performance was observed while marijuana and control group 
responded to the Stroop Task, aimed to measure their inhibitory processing, however, some indication that showed 
that marijuana smokers exhibited different patterns of BOLD response and error response during the task compared 
to normal controls, cannot be simply ignored [15].    
4. Cautious Remark Concerning Sample Characteristic 
In this section (that is the third aim of this paper), some weaknesses in methodological issue concerning sample 
characteristic, is scrutinized.  Concerning age, it was found that, out of 25 studies that were reviewed (out of this 25, 
12 studies did not provide age range information), 12 studies did not do careful sampling in term of responden
Age range indicates overlapping between adolescents and youth, and even overlapping with adult age group.  Based 
adolescents
old group and  
adolescents and youth which covering the age range 10 to 24 years old.  In the meantime, concerning sex distribution, 
out of 25 studies that were reviewed, five studies did not include female as respondent, five studies have very small 
numbers of female (indicate unbalance number of male and female) and one study did not provide sex information.  
In addition, we also look at any bivariate or multivariate analysis (instead of just having descriptive analysis) that has 
been done for the sex data.  It is indicated that, only one study used bivariate statistical analysis for sex data analysis, 
meanwhile the remaining did not do any bivariate or multivariate analysis for the sex data analysis.   
5. Conclusion 
Throughout this paper, we bring up three main points concerning neuropsychological status in cannabis users such 
as below: 
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1. First, from the broad spectrum of neuropsychological findings in cannabis research, we are able to separate 
the results into several domains to depict the clear picture of the status of cannabis effect on cognitive 
function, and thus, leading us to make some justification on which domain are most affected compared to 
others.  Thus, it is found that the domain of memory function is most influenced by cannabis toxicity. 
Second domain goes to executive functioning and inhibitory control.  For the attentional dysfunction, it 
indicates almost a similar weight to the executive functioning and inhibitory control.  Thus, it is concluded 
that these area of domains (executive functioning and inhibitory control; attentional dysfunction) are the 
second most affected by the cannabis toxicity. As a third domain that most affected, we tend to conclude that 
decision making process and learning ability should be recognized. Other cognitive-related domains are not 
discussed here as we are only focus on the main affected domains of cognitive function as described above.              
2. Second, we able to separate the positive and negative effects of cannabis into separate section.  This makes 
the findings clearer, instead of pooling the positive and negative findings together.  Thus, it gives us some 
obvious picture on neuropsychological effect from cannabis toxicity, especially in making some weight on 
the status of cannabis effect.  Therefore, from this review, we are parallel with other researchers that, the 
negative effects of cannabis are strongly proven, even though there are findings that say the other way 
around (no effect).  We based this statement from our review work that, the negative findings (negative 
effect findings) is more reported (about 70%) compared to non-effect findings (positive effect findings) 
which are about approximately 30% only. 
3. Third, this review looks into the weaknesses of some studies in term of sample characteristic which are age 
and sex distribution.  In addition, the critical analysis for sex data (at least at bivariate level of analysis) is 
paid attention in this review work.  It is found that almost 50% from papers that were reviewed indicated 
weaknesses in term of age range of the respondents.  The range of age of the respondents is not considered 
carefully.  This makes age groups overlapping between adolescent, youth, young and even adult group (aged 
45 years above) which were included together with other age groups (i.e. youth and adolescent group).  In 
this case, standard age classification from World Health Organization should be followed by researchers to 
avoid age group bias in result interpretation.  Concerning sex distribution, 40% of studies did not consider 
equivalence numbers of male and female subjects.  This situation potentially affects the interpretation of 
 neuropsychological status.  In addition, almost 
all studies (except one study) did not analyze sex data critically.  Again, this weakness may produce some 
bias in the interpretation of the results obtained.  
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